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CORRELATION OF WIND-TUNNEL PREDICTIONS WITH FLIGHT TESTS 
OF A TWIN-ENGINE PATROL AIRPLANE . I - LONGITUDINAL- 
STABILITY aND -CONTROL CHARACTERISTICS 
By Noel K. Delany and William M. Kauffman 


SUMMARY 

The longitudinal-stability and -control characteristics 
of a twin-engine patrol airplane as predicted from the 
results of wind-tunnel tests of a powered model and as 
measured in. flight are compared in this report. The accuracy 
of the wind-tunnel predictions and the reasons for dis- 
crepancies are analyzed and discussed. 

The predictions from wind-tunnel— test data were in good 
agreement with flight-test results. The results show that 
such predicted flying- qualities characteristics are suffi- 
ciently accurate to indicate the unsatisfactory longitudinal- 
stability and -control characteristics of airplanes in bhe^ 
.pre.limins.ry design stage. The wind-tunnel data may be used 
to deduce the chief, reasons for these unsatisfactory charac- 
teristics and to indicate .possible methods of improvement. 

The aerodynamic longitudinal— stability derivatives as 
estimated from flight-test data and as measured in the wind 
.tunnel were, in general, in good agreement. The differences 
which occurred could be attributed partially to small 
physical dissimilarities between the model and the airplane 
and to inaccuracies involved in estimating the .flight thrust 
coefficients for use in matching power conditions . 
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INTRODUCTION 

During the past several years the flying qualities of 
various airplanes have been estimated from the results of 
wind-tunnel tests made while the airplane x:as in the design 
stage. These predicted flying qualities have been used to 
determine compliance with the critical stability and control 
requirements,, Basic changes to the airpla.ne, necessary for 
correction of unsatisfactory characteristics, have been 
determined from these data. No comprehensive study of the 
accuracy of such methods of predictions has been made in the 
past, and it was considered desire.ble to compare in a detailee 
manner the predicted flying qualities with those measured in 
flight. Such a comparison should lead to a better under- 
standing of the accuracy of the predictions and control 
characteristics, as well as to improvements in tests and ^ 
methods which will result in more accurate estimates in the 
future . 


As a part of this correlation program, flight tests were 
made to determine the flying qualities of a twin-engine air- 
plane for the purpose of comparison with the results ol tesus 
of a. l/9-scale powered model in the Ames 7“ by 10-foot wind 
tunnel (reference 1). Comparison of the test airplane with 
the wind-tunnel model indicated that the airfoil section of 
the model horizontal tail surface differed considerably from 
that on the actual airplane. Hence, the wind-tunnel test 
results presented in reference 1 were not considered suitaole 
for comparison with the flight- test results, ana repea . ® “ 

were made with the model altered to correspond to the airplane. 
The predictions presented herein were computed from tne reouit 
of these le. tee p tests. 

The longitudinal-stability and -control characteristics 
which are usually oredicted from the wind-tunnel stab i-iu> 
and -control test data are static longitudinal stability, 
elevator ' control in maneuvering flight, and elevator control 
in landing. The results presented are confined to these 
characteristics, as they are critical in design work and are 
the longitudinal characteristics most suitable i or comparison 
with flight-test data. The correlation of the lateral- and 
directional-stability and -control characteristics will oe 
presented in a future report. 

The stability and control characteristics as determined 
in flight and as predicted from the results of wind-tunnel 
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-'costs can be analyzed in various ways. In this report the 
data derived from the wind-tunnel tests are first compared ^ 
with flight-test results in the form normally used in flight 



show the reasons for discrepancies. Hence, data in coef- 
ficient form are derived from the st at ic -longi tudinal- 
st ability flight tests and compared in this form with the basic 
wind-tunnel data. By this method the reasons for any disagree- 
ment in the results can he determined in terms of basic aero- 
dynamic coefficients and derivatives. 


description or the airplane 


•The airolane is a twin-engine, low-wing, 
monoplane. It is equipped with retractable 


, medium-size 
Le conventional— 
t vpc^ lending”" gear , twin" vertical tail surfaces, and Fowlcr- 
tvpe wing flaps. Figures 1(a) and 1(b) arc pnotograpns o: 
tho airplane as instrumented for the flight tests, anct 


fionre 2 is a three-view drawing. The general specifications 


and dimensions arc presented in ta 


bles I, II, and III. 


edge 


'he dc-icer toots and attaching rivnuts on the leading 
of she wing and fixed tail surfaces were removed before 
the flight tests in order to simulate conditions of The wind- 
tunnel tests. Tlie holes for the rivnuts were scaled with 
scotch tape 


(fig. 


an (3 "the airfoil leading edge was sanded smooth 

4 -). 


h 


The relation between control— column position and cicvacor 
angle as measured on the ground with no load on trie co ^rol 
surface is given in figure y . Tnc elevator angle is deiinoci 
as the angle between the elevator and stabilizer cnorc. _mub« 


ryr, 


l ne c gh b cj 


section of the elevator consisted of an upper- 


surface tall flap which operated only when the elevator was 
at an up deflection (figs, 6 and 7 ) ♦ notion of this tail i-ap 
was resisted by a light bungee. 


The force characteristics of the elevator system, wnicn 
was mass~unbalanccd, as measured on the ground during slow 
movements of the control column, are given in figure o.^ Tnc 
elevator was equipped with combination trim and ooosu • 

The boost-tab ratio used during the flight tests was 
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approximately that recommended in reference 2. The relations 
between tab angle, tab cockpit- indie at or setting, and elevator 
angle aro shown in figure 5* 


DESCRIPTION OF THE MODEL . 

The l/9-scale model of the airplane (fig, 10) was the 
same model as used in reference 1 with the exception of the 
horizontal tail. The ordinates of the airfoil sections of the 
stabilizer and elevator were determined on the airplane at 
four stations. The contour of the model tail was then modified 
to correspond to the full-scale horizontal tail. The major 
differences between the model and tho full-scale airplane were 
tbe lack of tabs on the model control surfaces and the method 
of fastening the elevator flap to the tail. On the airplane 
the elevator flap had a piano hinge; on the model it was 
attached to the elevators for up deflections, and to the te.il 
cone for down deflections. There was a small gap between the 
stabilizer and elevator flap for up deflection of the eleva.tors 
to eliminate friction effects in tho measurement of the 
elevator hinge moments. The hinge moments were measured by 
means of resistance-type strain gages on the elevators. 

Power was supplied by two electric motors which drove two 
throe-blade right-hand-rotation 1/ 9- s co.le propellers. The 
propeller-blade angle ( 30 ° at the 6.75 radius section) was 
selected as a good compromise between the high-and low-speed 
pewor-on flight conditions. 


SYMBOLS 


Definitions of abbreviations and symbols used in this 
report are as follows: 

M.A.C. wing mean aerodynamic chord, feet 

Vj_ correct indicated airspeed, miles per hour 

S c elevator angle, degrees (measured between elevator 

and stabilizer chord lines) 


6^ total elevator- tab angle, degrees 

and boost angles) 


(sum of trim 
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St 


¥ 
A 7 


q 

s 

Cl 

F e 

Tc 


i T 


x 


■'13 


v m 


0.298 


^U! 


ra 5 


r* 

Crac 


L 





elevator trim-tab setting, degrees (docs not include 
boost angle ) 

airplane weight, pounds 

the algebraic sum of the components along the air- 
plane Z-axis, of the airplane acceleration and 
the acceleration due to gravity, in terms of the 
standard gravitational unit ( 32.2 ft/sec 2 ). 

Positive when directed upward. 

freo-stream dynamic pressure, pounds per square foot 

wing area, square feet 

airplane lift coefficient (UAg/qS ) 

elevator control force, pounds 

propeller thrust coefficient (T/pV 2 D 3 ) 

angle of incidence of the horizontal tail as measured 
from the fuselage reference line, degrees 

distance from leading edge of mean aerodynamic chord 
to test center-of-gravity location, feet per II.A.C. 

in feet 

» 

pitching-moment coefficient about the center of 
gravity 

pitching-moment coefficient about 0,29$ H.A.C, 
[C L (x-O.29g)0 

rate of change of pitching-moment coefficient with 
elevator angle oC^/dSe (tab zero, lift coef- 
ficient constant)' 

rate of change of pitching-moment coefficient with 
lift coefficient 6 C a / 6 Cp (tab zero, elevator 
angle constant) 

rate of change of pitching-moment coefficient with 
tail angle of incidence dCm/cif (tab zero, lift 
coefficient and elevator angle constant) 

elevator hinge-moment coefficient 
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C *8 
Ch r T 


Ch 5 


rate of change of elevator hinge— moment coefficient 
with elevator angle dGh/d&e ("tao zero, lift 
coefficient constant ) 

rate of change of elevator hinge-monent coefficient 
with lift coefficient dCii/dCj _ , (tab zero, elevator 
an gl e c on stant) 

rate of change of elevator hinge-moment coefficient 
with total tab angle dCh/oSj (elevator angle and 
lift coefficient constant) 


Tss-r 


As mentioned in the introduction, the results, presented, 
and discussed in this report are confined to "hie. static longi- 
tudinal stability and control, elevator control in turning 
flight, and elevator control in landing. Tie following is a 
brief description of the tests and net nods of computacion. 


Flight Tests 


A description of the basic configurations for 
tests were conducted is as follows: 


which flight 



Position j 


Power 

i 

Approximate j 

Condition 

! 

1 

Flap 1 
1 
i 

1 

Gear 

l 

? 

Cowl 

flap 

i 

Manifold 

pressure 

(in.Hg) 

Engine 
speed 
setting : 
(rpm) • j 

1 

Brake 
horse- 
power per 
engine 1 : 

indicated 

stalling 

airspeed 

(mph) 

1 

Glide 

J 

! 

1 

I Up ! 
i ' j 

i 

i 

Up 1 
1 

Closed 

1 

' Throttled 

: 

} . _ - 

• Propeller j 
j set in 
i high 
i pitch 

I 

! 

, 

106 

1 

Climb. 

! up 

Up 

Closed 

i 36 

i 2 400 

1.350 

84 

I 

I 

| Landing 

'Full 1 

l 1 

down j 

(33°) 

Down 

| Closed 

i 

i 

i Throttled 
} 

1“ j 

j £400 

J 

1 

i 

i 97 

| 

j Approach 

-4—- r 

[Full ! 
jdown 1 
1(38°); 

Down 

J 

1 

: Closed 

1 

I 

— 

I 20 

j 

| 

j 2400 

1 

! 

530 

as j 
! 


iu u i 1 j i_ _i_ i — — 

From engine— performance chart for low-blower gear ratio. at 6, OCX) feet 
Placard limit indicated airspeed - 350 miles per hour with flaps and 


gear up, 140 miles per hour with flaps and gear down. 
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Although there were snail variations in weight due to 
ballast and to fuel consumption, the average airplane gross 
weight for all the tests was of the order of 2^,500 pounds 
(the normal airplane gross weight ) „ This value lias been used 
a.s standard for computations. Three different center— of— 
gravity locations were used during the tests (approx. 0,24-0, 
0.275; and 0,325 H.A.C., flaps and gear up). Average test 
values are noted on the figures. The average pressure alti- 
tude for the static— longitudinal— stability and turning-flight 
tests was 6000 feet. 


Static-longitudinal— stability characteristics The 
variation of elevator angle and control force with elevator- 
tab setting was measured in steady straight unyawed flight 
at various constant indicated airspeeds in the glide, climb, 
landing, and approach conditions. At each airspeed the 
pilot varied the tab setting to give about five different 
values of control force over a sizable range. These tests 
were performed while the center of gravity was at three 
different locations. Cross plots of elevator angle and 
control force as functions of indicated airspeed were 
derived for various constant elevator trim-tab settings. 


The pitching— moment characteristics of the airplane 
■ ' " ' ' ' " ' ’ " ” and appr oach 

coefficient 


x nc pi u cua au uux iboa.bb 

were derived for the glide, climb, landing, 
conditions in the form of pitching-moment c 


C n 0 


398 


a function of lift coefficient Cp for various 


constant elevator angles So* In the determination of the 
flight-test values, the variation of elevator angle 
(corrected to total tab angle of zero) with lift coefficient 
for each ccnter-of-gravity location and flight condition 
was obtained from replots of the curves of elevator angle 
plotted against airspeed. The pitching-moment characteristics 
for each condition were determined from cross plots (elevator 
angle constant) of these curves. Lift and pitching-moment 
coefficients were computed from the following formulas; 


NA- 



Cn 

• 


5 98 


n ( -v 
IT 


0.29S) 
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The elevator hinge— moment characteristics were derived 
for the glide, climb, ’landing, and approach conditions in the 
form of curves of elevator hinge— moment coefficient Cl. as 
a function of lift coefficient Cl for constant elevator 
angles 5 C (total elevator tab angle of zero). It was not 
possible, despite the extensiveness of the test data, to use a. 
direct analytical method to determine these elevator hinge- 
moment coefficients for flight. Small errors in the measure- 
ment of absolute values of elevator-tab setting were present 
from flight to flight, although the measured changes in 
elevator-tab setting for a given flight arc considered accurate 
to ±0 0 2°. Due to the large tab effectiveness, those small 
errors resulted in inconsistent date, when an attempt 'was made 
to establish hinge-moment characteristics by a direct system 
of cross-plotting. In order to avoid this difficulty, a cut- 
and— try system was employed. The hinge— moment curves were 
estimated" and adjusted to give characteristics which, when 
used in computations, resulted in the best agreement witn^tnc 
flight variations of control force with indicated airspcGCi, 

Ci-, c (where 5m - total 


Flight values of tab effectiveness 


tab angle) were determined from the slope, over the range 
of approximate linearity, of curves of elevator concrol j.orco 
plotted against elevator trim-tab setting. 

Elevator control in turning flight ,- Steady turns of 
different constant acceleration factors were performed at 
various airspeeds in the climb conditions for three ccn^cr- 
of— gravity locations. The variations of elevator-angle and 
control— force gradients A6 C / and A?c/ AAg with airspeed 
were derived from these dat a . 

Elevator control in landing .- Landings were made at 
different contact airspeeds over a safe and feasible range 
for the forward and rearward test cent er— of-gravity locations. 
These tests wore performed in the f laps-full-down, power-off 
condition; that is, the landing condition used in the . staei-uity 
tests. The elevator-tab sotting used during the landing tests 
was that normally used by the pilot in landings for the gi^Cii 
test ccntor-of-gravity location. 


1‘ind-Tunnel Tests 

The procedure for the wind-tunnel tests was the same as 
that outlined in reference 1, but the data presented serein 
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were obtained from 
previously. 

Basic do.tr,.- 
thrust-co efficient 
Conditions for the 
table : 


repeat tests which have not been reported 


Che data were obtained from constant- 
polar testa as described in reference 1. 
repeat tests are shown in the following 


i j ! 

Ilodol i H levator angle 

i configuration ! (cleg) 

• i 

i . . _ .-u — 1 

Tail 

1 incidence 
(deg) 

Thrust- 

coefficient 

range 

" — • i • ■ 

j Flaps and gear up j 0, ±7 

i 0 

i j 

-0.04 to 
0.6 

; 

i Flaps and gear up ! 

-35 

j 

0 

| 0 to 0.1 

i - - - 

Flaps and gear up ; 0 | 3*75 

0 

i 1 

Flaps 35°, gear down ; 0, ±7 j 0 

! -o,o 4 to 
-1.2 

Flaps 3c°, gear down 

1 

-15, -so j o 

| 

! -0.04 to 
0.3 

Flaps 36 , gear down j 0 

3.75 

° 1 


Estimated flight T c - Cl relationships for the various power 
conditions (glide, climb, landing, and approach) were used in 
the derivations of cross plots for the various flight condi- . 
tions. From these cross plots the wind-tunnel data of pitching- 
moment coefficient Cm and elevator hinge-moment coefficient 
Cl were obtained as a function of lift coefficient Cp* All 
data were corrected for wind-tunnel-wall effects and support- 
strut interference. 


Hethods for Predicting Stability 
and Control Characteristics 

The variation of elevator angle and control force with 
indicated airspeed for steady straight unyawed flight and the 
variations of ” AF G /AAg and A5 c /AAz in turning flight with 
indicated airspeed were computed by the methods outlined in 
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reference 3. The elevator-tab effectiveness used in the com- 
putations was estimated from reference 4, as the model was not 
equipped with tabs* In all of the computations the airplane 
pro ss weight ( 26,500 lb), c ent er-of-gravity locations (noted 
on figs.), elevator mass unbalance, mechanical advantage of 
the control system, and boost-tab ratio as measured on the air- 
plane were used. 

The variation of elevator angle and control force with 
contact airspeed in landings was computed by the methods Oj. 
reference 3c" The ground effects used in the ^ computation of 
the elevator angle and control force in landings were deter- 
mined by two methods. Tests were made with a ground board in 
the tunnel, and the effects of the ground on the upwasli angle 
at the wing and down wash at the tail were also computed from 
reference 5« 


RESULTS AND DISCUSSION 

St at ic-Longit udinal-St abi li t y Charac t eristics 

The results for the various flight conditions are dis-_ 
cussed first an to the degree of correlation (as indicated d y 
curves of the flight type) between .flight-test and wind-tunnel 
prediction. The reasons for the agreement or disagreement arc 
then explained by reference to the data in coefficient form. 
For this analysis, examination of the static-longitudlnal- 
st ability equations indicates that the' differences between the 
flight-test and predicted variations of elevator . angle with 
indicated airspeed can bo ascribed to the following factors: 


1. AC mcT differences in 

2. ACng differences in Cn<<- 

The stick— free stability characteristics in steady flight 
can bo shown by curves of Cvi plotted again s G Cj,* ^he 
following equation can be written from these curves: 

dCh/dCi = ( ^-Sq/ICl) 


The stick- free stability, as measured by 
elevator stick force with indicated airspeed, 


the variation of 
is a function 
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of dC h /dC L , and hence differences between the flight— test 
and predicted variation of elevator control force with 
indicated airspeed can be ascribed to the following factors ; 

1, A(dS s /dCT.) differences in stick-fixed stability, at 
me a sur e d by dS e /dCp 


2. ACp„ differences in C‘- 


a 5 


The effect is. largest when 


dSe/dCp is large (forward c,g. location) 


ACh, 


' U L 


differences in Ci- 


"Cr, 


The Values of Cp. should include the balancing effect of 
the tat. However,' for this airplane the wind-tunnel values 


of 


Ch§, either for tab neutral or with boost tab included, 


are in. all cases greater than those measured in flight. For 
•convenience the tab-neutral values' of ’ Che are used in the 

discussion, since the qualitative condition is the same for 
either condition. The value of tab effectiveness Cpg _ is 

presented in figure 11. It should be noted that the control 
force per unit of hinge-moment coefficient is a direct function 
of dynamic pressure, and hence a given change in hinge-moment 
coefficient can have a negligible effect on control force at 
low airspeeds but a large effect at high airspeeds. 

glide condition (figs. 12, 13, and 1^) .- Both the 
flight-test and predicted variation of elevator angle with 
indicated airspeed (fig. 12) show stick-fixed stability over 
the speed range for a.ll test center— of— gravity locations. 
Compared to the flight-test stability, the predicted stability 
is slightly low in the low— speed range and slightly high in . 
the high-speed range. Figure Ip indicates goo cj^ agreement of 
values of Pag,, and analysis shows that the small differences 
in stability (as measured by dSe/dCg) are due primarily to 
the corresponding differences in 


Cm C L * 


The stick— free stability (fig, 12) is positive in a.ll 
cases. In the low-speed range with the center of gravity at 
0,2^0 and 0,27 t- II. A. C., the predicted curves show grea.tcr 
stability (as measured by &F 0 /dVi) than flight. The predic- 
tions give less stability than flight in the low-speed range 
with the center of gravity at 0,321 il.A.C., and in the high- 
speed range for all test center-of-grrvity locations. Figure l4 
indicates that the wind-tunnel values of Cge arc more 


1 ? 
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negative than for flight, especially at up-elevator angles. 

At tlie larger lift coefficients, the values of Chr< T are in 
good agreement, but at low lift coefficients the wiftd-tunnel 
values are more negative. The greater stick-free stability 
shown in figure 12 for the predicted curves in the low-airspeed 
range with the center of gravity at 0.240 and 0.274 ii.A.C. is 
due primarily to the AC3.1- effect, which is greater than the 
destabilising: effect due bO A(d5e/dCg.) , Hith the center of 
gravity at 0,323 II.A.C., this destabilizing effect A(d8 e /dC;g) 
becomes predominant and causes lower predicted stability. In 
the high-speed range (above trim) the predicted curves (fig, 12) 
are less stable for all center-of-gravity locations tested. 

Here the destabilizing effects of A 


v -'ho 


predominant 


, with the stabilizing effeccs 


and A ( d 8 e /dC L ) arc 


of AC> 

smaller as the center of gravity moves rearward 


-8 


becoming 
(0»32j) .AC . ) . 


C limb condition (figs. 15, lo, and 17) .- The predicted 
elevator-angle curves (fig. 15) show stick-fixed stability', 
except with the center of gravity at 0.324 ii.A.C. Although 
the agreement is good in tlie high-speed range, the flight 
curves indicate instability in the low-speed range for all ^ 
tost c enter— of-gravity locations. Anamination of figure 1'6 
shows that, since flight and wind-tunnel values of Cn§ are 
about the sane, the higher predicted stability at large lift 
coefficients is due primarily to the more negative values of 
Cr-^ for the wind-tunnel tests, 

"‘bL 

The flight control-force curves’ presented in f iguro 10 
for trim speeds of l4p miles per hour (approx, speed of best 
climb) and 225 miles per hour (approx* level-flight speed) _ 
indicate instability or unstable tendencies at low speeds in 
all eases. The predicted curves show instability only for 
0,324 II.A.C. ccntor-of-gravity location, and, in general, show 
greater stability at low speeds. At speeds above trim the only 
instability occurs, both in flight and in predicted curves, for 
the 0.024 II.A.C. location with l4o miles per hour trim speed. 

In general, the’ predicted force curves indicate less stability 
than flight for speeds above the trim speed. Figure 17 shows 

of Che? are slightly more noga- 
of lift coefficient, and that 'the 
arc more negative - than the flight' 
;ocfficiont range. For both trim 


that 

th 

e wind- tun 

nel v 

aluo 

tive 

cl l» 

high and 

low V 

aluc 

wind 

-tunnel value 

s of 

Ch8 

va-lu 

cs 

thro ugh out 

the 

lift. 

e ond 

iti 

ons the same cf 

feet 

the 

tri 

n speeds, 

AC'nc 

cf 

dS c / 

cICt. 

is small 

, and 

the 


-y 


is negligible. 
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However, the k{d.5 e /d.Ci_ i ) effect causes the wind-tunnel pre- 
fictions to be core stable. Above the trim speeds the ACv^ 
and A(d6 e /dCp) effects are negligible, but ACv^. has a 
-destabilizing effect. 

Landing condition (figs, lb, 19 j and 20) .- The variation 
of elevator angle with airspeed (fig. lo) indicates large 
stick— fixed stability in all cases. The predicted stability 
agrees well with flight in the upper end of the test— speed 
range (about lb0 nph), cut is less than in flight in the low- 
speed range. Figure 19 shows that both Cn§ and Cmcg 

are more positive for the wind-tunnel tests at the lower 
lift coefficients. These two effects tend to cancel, and 
thus the agreement with flight is good. At the higher lift 
coefficients, Cm o is much more negative for flight, while 
Cr.15 values are about the same, and hence the predicted 
stability is too great. 

The control-force curves of figure IS show stick-free 
stability in all cases. The slopes are of the same order 
above trim speed, but at low speeds the pull forces for 
flight are much greater with the center of gravity at 0.229 
and" O.265 k'.A.C." Figure 20 shows a more positive Chop for 
the wind-tunnel tests, and a more negative C115 for up-^ 
elevator angles. Those effects, combined with that due to 
A(d8e/dCL/j tend to cancel, and give fair agreement of ^ the 
resultant force curves in most cases. At low ^speeds with 
the center of gravity at 0.229 II. A. C. and O.265 II .A . C . , _ 
however, the large up -elevator angles and large down -tab 
angles result in a great loss of tab effectiveness in flight, 
and hence the flight pull forces arc much greater. Some 
idea of the settings at which the tab effectiveness Cw Sr , 
begins to decrease rapidly can be gained from figure 21,“ 
in^whi ch these tab settings arc plotted as a function of 
elevator angle. Those data were obtained from the plots of 
control force and elevator angle against tab- setting. 

Approach condition (figs. 22, 2 p, and 2 L I-) .— Stick— lined 
stability is indicated by ail the clcvator-anglc curves^ of 
figure 22, and the agreement between wind-tunnel and flight 
tests is good. Although there arc irregularities at largo 
lift coefficients, in general the values of both Cmc L 
and C n * measured in the wind tunnel arc more positive than 
for flight (fig. 25). The tendency of these effects to 
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"balance each other leads to good agreement in the resultant 
value s of &8 e / dC l* 

The control-force curves of figure 22 show stick-free 
stability in all cases except at low speeds with the center 
of gravity at 0.314 U.A.C., and the agreement between pre- 
dicted and flight data is very good. This agreement is due to 
the fact that, although there are differences in Ch Chg> 

and dS c / dC r (figs. 24 and 22), the differences are small and 
the effects tend to cancel. 

Differences in longitudinal-stability derivatives. - 
During the tests and” preparation of the data presented, it 
became apparent that numerous factors would make correlation 
difficult for this airplane. Undesirable characteristics of 
the airplane, such as the generally large elevator and rudder 
control forces, and control friction, made it hard to obtain 
accurate and consistent data in flight. Physical differences 
between the airplane and the model, necessary bece„use of the 
small model scale, included the omission of tabs from the 
control surfaces and slight differences in the elevator flap. 
These factors, combined with the possible errors due to control 
friction, large mass unbalance, and changes in tab effective- 
ness, made accurate predictions of elevator control forces 
especially difficult". The flight T c - CL relationships for 
the various power conditions could only be approximated from 
manifold pressures and engine speed as the airplane was not 
equipped with thrustmeters or torquemeters, and, due to the 
large effect of power on the stability characteristics of the 
airplane, this led to discrepancies between predicted and 
flight-test results. 


For all conditions, the differences in stick-fixcd 
stability as measured by d8 e /dC^ arc due chiefly to 
differences in Cmg^ at large lift coefficients. For the 

climb condition (fig. 16 ), the more negative C aCl for the 

wind tunnel is probably due to a local stall over the model 
wing root. This causes a docreo.se in &o T .mwash over the tail 
c.nd' a resultant, increase in stability. It is possible that 
for the glide, landing, and approo.cn conditions the thrust 
coefficients used in the predictions are. higher than those 
actually present in flight. These differences, which are due 
primarily to the errors in calculations of flight thrust cocf 
ficients at low manifold pressures and- low airspeeds,: may 
result in more positive predicted values of Cmg at lo.rgc 
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lift coefficients as measured in the wind tunnel. The effect 
is especially evident for the landing condition (fig. 19), 
for which calculations "based on model-propeller data and 
flight -propeller speed indicated negative flight thrust coef- 
ficients (approx. T c = -0.04-), The differences in st ich— 
free stability, as indicated by the variation of control 
force with airspeed, do not appear to be controlled by any 
one factor. The summation of the effects of A(d6 e /dCL) , ' 
AChCrp anc " L AChs depends on the condition, airspeed range, 
and center-of-gravity location, and in general the effects 
tend, to cancel. The only situation in which AdS e /dCL has 
a large effect is at low speeds in the climb condition., where, 
as explained previously, the more stable &6 e /dCL for the 
predictions is due to more negative Cm q t values. The 
differences in Ch(^ T as measured in the"’ wind tunnel and as 
estimated from fli^rt are not consistent for all conditions, 
and are probably within the accuracies which can be obtained 
with the test and calculation methods which were used.. The 
previously mentioned inability to match perfectly tile power 
conditions no doubt leads, to some error in Chgj as, for 
example, in the landing condition (fig. 20). The values of 
Chg measured in the wind tunnel were greater in all cases 
than those estimated from the flight data, although for down- 
elevator angles the discrepancies are small. Little change 
in either Cm 5 or Ch§ is shown between up- and down- ele va-tror 
angles for the flight tests, while the wind-tunnel tests show 
much more negative values of Cmg and Ch§ in all cases. 

The major portion of this change is believed to be due to the 
difference between the model and. the airplane elevator flaps. 
Air flow through the model elevator-flap gap probably caused, 
some of the increase in the elevator effectiveness and changed 
the pressure distribution so that the hinge moments were 
increased. 


Zlovator Control In Turning Flight 

The elevator-angle gradients in figure 25 show good, 
agreement between flight and predictions. The control-force 
gradients, which in all ca.ses arc excessive, arc in fair 
agreement except for the forward (0.2^0 II. A. C.) centor-of- 
gravity location. 

It is not possible, due to the. greater number of 
variables involved, to analyze this turning-flight data from 
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a coefficient standpoint in the detailed manner used for the 
s t at i c~ lo ngi tudina 1-st ahi li t y discussion. Satisfactory 
correlation in elevator-angle gradients would be expected, 
as the Cm - Cl relationships indicate good agreement in the 
glide condition (fig, 13) and in the climb condition at the 
lower lift coefficients (fig. l6). It appears that the allow- 
ances made for the curvature of the flight path, changes in 
the f c Cl relationships, and Cnijm were sufficiently 

accurate to permit satisfactory predictions. The many factors 
and stability derivatives which affect the control-force 
gradients are such that fair agreement results from the pre- 
dictions, Host of the increase over the flight values of the 
predicted control-force gradient with center of gravity at 
0.240 II. A. C , may be attributed to the large negative Ch§ f° r 
the wind-tunnel tests with up-elevator angles. 


Elevator Control in Landing 

Although the agreement in absolute values of elevator 
angle is erratic, the data presented in figure 26 for both the 
flight and wind-tunnel tests indicate that sufficient elevator 
control is available for low-speed landings over the center-of- 
gravity range, but that the corresponding elevator control 
forces are excessive. 

Host of the flight-test landing approaches were made with 
power on and the throttles were out back prior to ground 
contact. Examination of the instrument records showed that in 
the test landings with the center of gravity at O.316 II.A.C. 

(fig. 26(b)) the engines were throttled comparatively early in 
the approach so that the power conditions at contact were very 
similar to those used in the landing— condition stability test 
at altitude. In many of the landings with the center of gravity 
at 0.224 II.A.C. (fig. 26 (a)), however, the engines were throttled 
only several seconds before contact, and the power conditions 
at contact were thus somewhat variable , 

The predicted values of elevator angle presented in^ 
figure 26 arc greater than for flight, Bouh methods (moc-.cl 
tested in the presence of a ground, board and computed ground, 
effect) used in the predictions gave similar values. The 
flight curves show little change for the forward cent er-of- 
gravity location between the values obtained at 6,000 feet 
Tfig. 16(a)) and those obtained during landing (fig. 26(a)). 
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The reasons for the snail ground, effects in flight are not 
apparent. The dynamic factors in the flight tests were 
snail and inconsistent. It is not believed that they would 
account for the smaller ground effect experienced in flight 
as compered with that obtained in the wind tunnel. 

Difficulty was encountered in mailing the landings due to 
high control forces, and consequently the landing technique 
varied somewhat from flight to flight. Stalling of the tab 
at the large down-tab and up-elevator angles may result in 
some reduction in the up— elevator angle required. 

The correlation between predicted and flight values 
of elevator control force for landings (fig* 26) is very good 
with respect both to the slopes of the curves and to the 
absolute values of force. For the purpose of comparison, 
the tab setting used in the predictions was that which gave 
zero control force at the same contact speed as for the 
flight tests. As was the general case for the control forces 
in the stability tests, the differences in the various factor 
(including ground effect) which influence the control forces 
tended to balance each other and this resulted in satis- 
factory correlation. The larger pull forces indicated in 
figure 1$ for the stability flight tests at altitude with the 
forward c enter— of— gravity location apparently were compen- 
sated by the greater predicted up-elevator angles required 
in landing. 


CONCLUSIONS 

Based on the data presented in this report, the follow- 
ing conclusions can be draxm with regard to the correlation 
of the longitudinal-stability and -control characteristics of 
a twin— engine patrol airplane as measured in flight and as 
predicted from wind-tunnel tests* 

1 0 The wind-tunnel predictions indicated critical 
unsatisfactory longitudinal-stability and -control character- 
istics, the most serious of which were the large cIcva.tor 
control forces in maneuvering flight and in landings. 

2. The chief reasons for the unsatisfactory character- 
istics and possible methods of improvement can be deduced 
from the wind-tunnel data. 
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3 . Careful simulation of the actual airplane, with 
regard both to the model (especially the control surfaces) 
and to the control-system characteristics (mass unbalance, 
boost-tab ratio, mechanical advantage, etc.) used in the 
computations, is necessary for satisfactory predictions. 

4. Accurate information on the flight conditions and 
operating techniques must be available for the predictions. 
The power conditions were especially critical on this air- 
plane, due to the large effects of power on longitudinal 
stability. 

5. The aerodynamic longitudinal— stability derivatives 
as estimated from flight-test data and as measured in the 
wind tunnel were, in general, in good agreement. The diifen 
ences were partially due to physical dissimilarities between 
the model and airplane and to imperfect matching of power 
conditions . 


Ames Aeronautical Laboratory, 

national Advisory Committee for Aeronautics, 
iioffett Field, Calif. 
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TAB IE I.- GENERAL CHARACTERISTICS OF THE AIRPIA1P 


Normal gross weight 26,500 lb 

Center-of-gravity locations 

Normal (gear up) 0.292 H.-ri.C, 

Normal (gear down ) 0„ 2S7 H.A.C. 


Host forward allowable (gear down) 0.235 I'.A.C. 

Host rearward allowable (gear tip) .... . O. 33 I I'.A.C. 

Ilaximum allowable maneuvering load factor 

(for normal gross weight) ..... 3*1 

Control-wheel diameter » 0 J - ---• 

p 

Engines 


Ilahe 

Propeller-gear ratio 


Pratt and 'Jhitney R-2200-31 
16:9 


! 


Propellers 


Hake . . 
Diameter 


Number of blades. . . 
% 

Low— pi t c h b lade s t op . 
High-pitch blade stop 


Hamilton Standard, constan 
soeed, blade no, 64w7A— 1 ( 

1 

10.50 ft | 

I 

three 

i 

nicl® ! 

* OO 


r j ct 
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TABLE 


II o- HIFG AND HORIZONTAL-TAX L-PIAITE 
DIMENSIONS OF THE AIRPLANE 


It era 

Uing 

Horizontal tail 

| Area (sq ft) 

76 

133.96 

Span 

i . . 3:1 

25.36 

| Aspect ratio 

7.79 

- - -1 

5.00 

j 

j Taper ratio 

2 7. 1 :-2:l i 

I ‘ " - - 

. 

Dihedral 

1 3 ^-° 3* 

0° 

1 Incidence (with respect to 

1 ■ ■ 

?o 

0° 

i fuselage reference line) 

c 1 

I - - - 1 

1 

1 — — 

Root section 

| 1-TAOA 2301S 

HACA 0013 

Tip section 

| NACA 23OO9 

NACA 0009 

1 

j Twist (geometric) 

I I! one 

A . 

None 

, M.A.C. (ft) 

1 10.27 

7 - . ■ — — 


! Root chord 

2 13 .7^ 



1 Includes trailing-edgo extension, 

2 Exclusive of trailing-edge extension. 
3 Measured on top of main beam. 
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TABLE III.- ELEVATOR AND FLAP SURFACE 
DIMENSIONS OF THE AIRPLANE 


It era 

Elevator 

Flaps 

"Up 

Down 

(Fowler) 

Area aft of hinge 
line (sq ft) 

4o.i 

35.1 

52.3 

1 Average chord aft 
of hinge line (ft ) 

lc97 

1*97 

3.33 

Span (ft) 

At hinge line 
20.21 

i At hinge line 
17.90 

15.72 

Balance, type 

Boost tab 

Boost tab 

- 1 


Balance area (sq ft) 

R 7 

. 0 > 

. - - - - -1 

C "2 

1 

Percent balance 


i — : mi 

Control travel (deg) 

32° up 1 32° up 

28> down I 2S° down 

i _ - 

i 3o° down 



Trim-tab area (sq ft) 

2.015 i 2.015 

1 

Tab span ( ft ) 

4.25 4.25 


Boost ratio AS? /AS j -0.3° approx. 

i 

-O.36 approx. 

— — 


1 A tail flap between sections of elevator operates for up- 
elevator only. 
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(a) Front view, flaps retracted# 

# - The airplane as instrumented for flight tests# 


Figure 1 
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(b) Rear view, flaps deflected# 

Figure 1# - Concluded# The airplane as instrumented for flight teats# 
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Figure 2# - Three-vi«rw drawing of the twin-engine patrol airplane. 
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(a) View looking outboard. 



(b) Front view. 

Figure 3.- CXiter wing panel with de-icer boots removed. 
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Figure 4.- Details of wing tip with de-ioer boots removed 


O/otance from controf-mheel 
center //no to control cdumn 
p/irot po/'nt - 33 in. 



30 ec /o o /o 

dcr/n £7erator angle, deg 

F/'gure S . - dinemat/ce of tho e /orator control system 
ground with no load on tho surface. 
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up 

ao m easured on the 
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Figure 6.- Details of tail flap. 
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Figure 9 \/ariafion of e/era for - fab angle with 

eh\safor ang/e af rarioue cockpit- inc/iccrtor cot tinge. 
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Figure 3 . - ifar/af/on of ehrafor confro/ force /vifh e/eirafor 
ancf/e , as measured on the ground Wfh no load on the 
confro/ surfaces 
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(a) Front view* flaps retracted* 



(b) Rear view* flaps down* 

Figure 10*- The l/9-Soale model of the airplane mounted in the 
7- by 10- foot wind tunnel* 
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f/'guro // - Varictf/on of e/et/c/for fct<b 

<sffocfiVenGs>5- ) /iff coefficient C L . 


fT/erator - fab 


Pnsof/cTeo/ 




Figure // Conc/ua/ec/ 
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(b) c.g. focaf/ 'on o.£74 M A C 
Figure /2 <Sf/oh condition >, continued. 


E/erofor aonfro/ farce, /b E/arafor angh, deg 

purh pu// ab+YD up 
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E//ghf 

Prec/zcfed 




SO 


/OO *40 *<30 <220 260 <300 

Cor reef /ncf/cafecf cr/rspesaf, rrpf) 

(c) c.g bcaf/on o. sss MAC 


figure /Z - <5//c/e conc/ff/on, conc/uo/ecJ. 
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Figure /3 Pitching -moment char act eristics . G//de 

cos?d/r/on. 
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Figure — Ef/ewafor h/nge - moment churacf^risf/cs. 
<5//Je cor?c/ff/or7 . 
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(bj c.g. /ocaf/on O. <?7<? A I.A.C. 
Figure /S . — C/imb conafif/or corf inure/. 
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Figure A S' — C//mJb condition conc/uo/eo/ 
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Figure /£ . — P/tching - moment c/nrocferlsi/c^ . C//t? ih 

corr/it/on 
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h/pore /7 — £7 era tor - rr/onenf character /sacs . 

C//sr>b core/ /hot? 



(a) eg /oca t ion 0.<?£9 MAC. 

Figure /& —Yanaf/on of c/eicafor ang/e and con/ro. / force 
Mfh airapeed, /anding condition. Cfsady -otraighf 
any arsed f/tghf. 
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E/erator contra/ Three, //> E/erator ang/e , c/eg 
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Figure /& Lanc/ing condition, continued 
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figure /& Landing condition , concluded. 


MR No. A5D04 



+.03 +.03 +.04- +.02. O -.02 -.04 

Pitching -moment coefficient, C m 

0.2 9 a 


Figure /3 .— Pitching- moment ct?a/r/c ier/st/cs . iancfing 
condition . 
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Figure 20 - Fievafor hinge- moment character is t/cs . 
Landing cond/f/on . 
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F/evafor ang/s , c/eg 



Figure Fi — \fariafion wi/h e/eVafor ang/s of fhe 
maxi mu no e/evat/or- fab seff/ngs for //near 
effectiveness j approach anc/ /anding 

conditions . 


f 7eoafor con fro/ force, /b S/era for angh, deg 
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(a) eg. /oca f ton 0.<223 M.fC 

Figure 22 . ~ Variation of e/era for ang/e and con fro/ force 
ivifh a/rs/oeec/, approach cond/t/on. dfeady sfra/ghf 
unyaissed f/fghf 


£. Ksv&for confno/ bbrc&j /b F/emcyfon ang/e, c/eg 
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(b) c.g. foca/f/on 0.2*67 MAC. 
F/gure 22 . - Approach cond/t/on , conf/nued. 


E/era for con/ro/ force, fib E/etrafor ang//e y c/eg 
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(cj c.g. /oca f ion 0.3/4- A 1A.C. 
Figure 22 Approach cone// f /on, conc/uc/ec/. 
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Figure 23 P/Ach/ny - /name- /?/ characteristic s. Approach 
corti/tjor . 
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figure ZS . — Continued. 
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(a) c.g. /oca //on O. M./\. C 

Figure 26 - Vbriaf/ 'on of e/et/a tor ctngh anc/ con fro/ farce 
iA/ifh contact airspeed in /anc/ings. 


/Ey&af-or contro/ fence, /b £7<e\ 'afon erng/e y dsg 
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Figure - - Landings, conc/uded. 






